Fumonisin Bi, a recently discovered mycotoxin, was synthesized by submerged cultures of Fusarium moniliforme NRRL 13616 grown for 29 days at 28°C and 220 rpm in a basal salts medium (pH 5.0) supplemented with 90 g of glucose per liter and 3.5 g of ammonium sulfate per liter. Under these culture conditions, 74 ± 23 ,ig of fumonisin B1 per ml was produced by 29-day-old F. moniliforme NRRL 13616 cultures. Fumonisin B1 was detected in liquid culture extracts by high-performance thin-layer chromatography. Fumonisin B1 was confirmed and quantitated by gas chromatography and gas chromatography-mass spectral analysis of the trimethylsilyl derivative. The use of a defined medium for producing fumonisin B1 in a submerged culture facilitates its isolation and provides an excellent method for conducting biosynthetic studies.
The association of Fusarium moniliforme with grains and feeds implicated in leukoencephalomalacia in horses, hepatotoxicity in rats, and esophageal cancer in humans is under intense investigation (1, 5, 7) . Characterization of the fungal secondary metabolites produced by these strains has shown that at least two compounds with potential to cause disease are produced, fusarin C and fumonisin Bi (2, 8) . Fusarin C has been shown to be mutagenic, but attempts to confirm carcinogenicity have been unsuccessful (3) . Recent studies have shown that intravenous injection of fumonisin Bi in a horse produced symptoms characteristic of leukoencephalomalacia (6) . Fumonisin Bi has also been shown to be a cancer-promoting factor in rats (2) .
Fumonisin Bi is 2-amino-12,16-dimethyl-3,5,10-trihydroxy-14,15-propane-1,2,3-tricarboxy icosane. Although it can be produced by growing various strains of F. moniliforme on corn (G. Liquid culture experiments were carried out in duplicate 1-liter baffled Erlenmeyer flasks (no. 2543-01000; Bellco Glass, Inc., Vineland, N.J.) at a 500-ml volume. The cultures were incubated for 29 days at 28°C and 220 rpm in a rotary-shaker incubator. A pH of 5.0 was maintained by daily adjustment with 2 N HCl or 2 N NaOH.
Sample preparation. A 50-ml portion of filtered liquid culture broth was applied to a 25-g XAD-2 column (Sigma) which had been packed and equilibrated with water. The column was washed with water (250 ml), and the fumonisin Bi was eluted with methanol (250 ml). The methanol was removed by rotoevaporation, and the residue was reconstituted in 50 ml of water. The sample was partitioned twice with 50 ml of ethyl acetate in a 250-ml separatory funnel, and the ethyl acetate fractions were discarded. The water fraction was evaporated to dryness in a rotoevaporator, and the residue was dissolved in methanol and transferred to a 2-ml vial. The methanol was evaporated at 60°C under a stream of nitrogen, and the residue reconstituted in 500 Fumonisin Bi in liquid culture extracts was confirmed and quantitated by gas chromatography (GC) and gas chromatography-mass spectrometry analysis (GC-MS) of the trimethylsilyl (TMS) derivative of fumonisin Bi. Samples (50 ,u) of culture extracts (5 ml eq) and fumonisin Bi standard (50 pug) were dried under nitrogen and hydrolyzed with 1.8 N KOH (500 pul) at 60°C for 1 h. The hydrolysate was neutralized with 1 N HCl and applied to a 2.5-g XAD-2 column. The column was washed with water (30 ml), and the hydrolysis product was eluted with methanol (30 ml). The 30-ml methanol fraction was dried in a rotoevaporator, and the hydrolysis product was dissolved in methanol and transferred to a 2-ml vial. The samples were dried under a stream of nitrogen, and the residue was derivatized in 100 pI of Tri-Sil TBT (Pierce Chemical Co., Rockford, Ill.). The Tri-Sil TBT sample mixture was allowed to react for 45 min at 60°C.
GC of derivatized standard and samples (1 or 2 ,u1) was performed on a gas chromatograph (model 5890; HewlettPackard Co., Palo Alto, Calif.) equipped with a DB-5 capillary column (5 m by 0.53 mm) and a flame ionization detector. The carrier gas was hydrogen (flow rate, 2 ml/min), Shackelford, and D. Weisleder, submitted for publication), using a Hewlett-Packard 5890 gas chromatograph in tandem with a Hewlett-Packard selective ion detector. Fusarin C and glucose analyses were performed by highperformance liquid chromatography, using previously described methods (4).
RESULTS AND DISCUSSION
Under the submerged-culture conditions described above, F. moniliforme NRRL 13616 cultures grown in a defined liquid medium produced detectable levels of fumonisin Bi by day 3 of growth (Table 1 ) and the highest levels (74 ± 23 ,ug/ml) in the terminal, 29 day-old sample. The presence of abundant glucose (24.8 mg/ml) in the supernatant of 29-day-old cultures suggests that an extended incubation period may increase fumonisin Bi production under these growth conditions. Additional work is needed to optimize the incubation time for F. moniliforme NRRL 13616 submergedculture synthesis of fumonisin B1.
The nutritional composition of the defined medium used for fumonisin Bi production is also suitable for fusarin C synthesis, and significant levels of fusarin C were produced by F. moniliforme NRRL 13616 cultures producing fumonisin B1 (Table 1) . We are currently investigating the possibility that nutritional factors that influence fusarin C synthesis are also important in regulating fumonisin B1 synthesis.
The isolation and detection of fumonisins derived from liquid culture broths is much simpler than for solid substrate fermentations. Since fumonisins are water soluble, culture extracts can be directly applied to the XAD cleanup column. Some compounds do remain with the fumonisins after methanol elution of the XAD column, but the number and quantity of these interfering compounds are greatly reduced when compared with corn-grown culture extracts. Fumonisin B1 is detected by normal-phase HPTLC when its concentration in the culture medium exceeds 5 Figure 1 shows the total ion chromatograph (A) and the mass spectrum (B) of fumonisin Bi. The intense ions at mlz 578, 187, and 44 (base peak) correspond to those produced by standard fumonisin Bi and arise from cleavage between C-14 and C-15 (mlz 578 and 187) and between C-2 and C-3 (R. D. Plattner, personal communication). The retention time and mass spectrum of derivatized fumonisin Bi from our liquid cultures were identical to those of authentic fumonisin Bi standard.
GC of the TMS-derivative of fumonisin B1 isolated by the procedure described above indicates that F. moniliforme NRRL 13616 can produce up to 100 mg of fumonisin Bi per liter in 29 days. Recovery of fumonisin Bi from liquid cultures was demonstrated to be quantitative (92%) by spiking 50 ml of liquid culture medium with 100 ,ug of fumonisin Bi standard and analyzing the sample by the procedure described above. These data demonstrate for the first time that fumonisin Bl can be produced in liquid culture at levels suitable for preparation of laboratory-scale quantities of this metabolite. The defined nature of this medium makes it well suited for biosynthetic and nutritional studies on fumonisin Bi synthesis by F. moniliforme NRRL 13616 as well as for use as a screening medium for fumonisin Bi production by other toxigenic strains of F. moniliforme. The use of this defined medium also provides a method for producing radiolabeled fumonisin Bi.
